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AR1 56 



^ (57) Abstract: In an exposure apparatus, an exposure of a substrate (P) is carried out by filling at least a portion of the space between 
^ a projecuon optical sysiem (PL) and the substrate (P) with a liquid (50) and projecting the image of a paitem onto the substrate (P) 
^ through the projection optical system (PL). An optical element (60) and a lens-barrel (PK), which arc in contact with the liquid (50) 
fs| when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently 
Q formation of air bubbles in the liquid between the projection optical system and the substrate is suppressed and the liquid is always 
W held between the projection optical sysiem and the substrate, thereby creating a good immersion state. 
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2 4 8 nmTffeS*^ MIC^ifiE^roA r F:E=t^i> T U— tfcT) 1 9 3 nrntiH^-fb 
^tioofcSo Sfc. S3fe^ff-5Pgl3(i. i5?^j|li:l^^lz:^;feggjg (DOF) t, 

R = k 1 • A/N A — ( 1 ) 

<5 = ±k2 A/NA2 ... (2) 
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mUf^^-xD^^mmz^f^t^^^j^^j^ (PL) ^m^^ 
MiBis^^^^ (PL) <Dt!mmi^(50) tmrnt^s,^^ (eo. pk) 
(5 0) t(DmMni^^mm.•t^rzlsb^zmm^m^tlT^^:hm9tmmi (ex) 

(0';^i^mM^^(Dmwii(omnQi±tmm^tii:i^:s>tz6biz. m^^izm^&t^m^ 
iicDmzmi^^ ti^ o 

:^%BM(Dm2(DmmiZ'iit^U. ^^^->©^^>Sf* (SO) :&^L-CStS 
(P) ±l3te^LT:»««:S^-r5S3fe^gTfeoT : 

m^/^^ -xD^^^mzik^T^^i^^^m (pd 

MIBiS^^^^^ ( P L) ^(D9c^(D^^m^ (60) fSc^^Sr^t^ 1 *® 

mm CAR 1 ) mi (ar d jas(Dm2«®^i^ (ar 2) 

mi Mfl^ (A R 1} (DMi^. (5 0) I^^RTt- 5m?Pl±7b<s m2SI®^l$t (A 
R 2 ) (50) Iznt^m^ikJ: -fci^ug^te^S (EX) A<*|#t^*L5« 

■^5^fDl4$:. ^(Z5il3©m2a®^i||J;i9^<^i>C:i:-Z:. mi^S^^IZlct 
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^izm.Tm±^tiTi^i-tsmift(D^tj:i^t\ m^^izmmt^m^tmznL-c 

:^%^^<D^2<Dmm\z%^[t. m%^-h. (ed i^n^-i^itmm\^. j^^ 
-xo^^mw (5 0) ^tfhLTSts (p) ±iz^^{,i:w&^m%-t^m%m: 

|friB-'ti^->©«^^*5i;S^-r5iS^3fe^^ (PL) t; 
^B^i^m (PL) ( P ) ^(DF^cr)fJ>4^ < i:t,-§P$:}Si* ( 5 0 ) T)S 

fe-r>?g-^^M ( K 2 ) h ; t:m^. 

mi^(5o) (Dm^^d. ^f$3fe^m (pd tmx. (p) iiopBicifeitsjs 

( 5 0 ) ©>55*l©mg^ V , (50) ®^jg:&p , Jjgfjjs: (50) CDJtel*^ 
i&t:Mi:LT. ^^^1=^ (v • d • p) ^ 2 0 0 0 A<^S^;h,TU5^3fe^S 

(EX) *<a#t^*i?,o 

*^B^l3ct;h.l^. ±tE^i^^^mS.-t^J:olz^ ^Bd^t^m (PL) 

^^BM(D^4(Dmmiztitxit. m^a-L. (ed n-^x-i? (m) ®m-^-> 

^^B^L. ■/'f^->(Z)^^>^f^ (5 0) ;:&^LTa^5 (P) ±lZ^:^Li:m^^ 

tti%^J'^'P->(D^^^mz^§^T^ikB^s^m (PL) t : 

ikS^^mm (PL) iiStS (P) t(Dri\(D^J>tj: < t't,—^^M^T'mt:ittzib 
©>?^S^g (K 2) ^ ; 

mi^ (5 0) }b<S« (P) ©^S:^fS]^:¥^fl::®i3iti:J&:or)>fE*^i,g^^g 
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(EX) t^mmtFtiio 

&^^'it':pjij\^^n-t:s>mmx^-sy'^iz^mmm^^±^it^ztt,tj:is, 
^KZ)«iii^i^sL^t). &^i^itm^miz&^:^^ws-t^i^^izit=^co^m^m 

->®^^>S^* (5 0) ^^LTStS (P) ±l3fe:i:L-ca*5:&S3fe^:g>il^^ 
n!iBJ^^-><D^t:^mzik1^-t^^m^^^ (PL) ; 

s*5 ( p ) ±(D*.i;:?«^ (50) ^m^t^mmmm z) t; 
mmmmi ( K 2 ) ^mmi-:^mmmm: (c o n t) l -, ^mx. 
mmmmw: (cont) it^ m& (p) om^^izmw (so comi^t^i^± 
^ti^j:oizm)§tmm (k 2) ^mmr^mifemm: (ex) t^mm^ti^o 

^mBMizj:tnt^ }&^mmit<^^<Dm%^izmi^(omf^^'nt>tjii^j:.z>izmm 
^ti^ztizj:*). ^^±izm^^tir^!^jftm^mib^ziit^td:<. m&±izm 

^mm(D^6(Dmmiztftxit^ ik^^s^m (pl) (3j;5/t^->cD«:&s*£ 

(P) ±lZtk^LTm^ (P) $:S^1-SS^^>^(3fcUT: 

a« (P) <D^®«:, >jSfj^ (5 0) t©llfDl±:S:iiM-rS7ttol3S 

ms^^^m (PL) (p) t(Dmo:>{i>tj:< fb-^^ii^i^ (so) t>ii 
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/^^->®«^. jtf* (5 0) ^^urss (P) ±izikB-t^ziit%^t) 
at^ctzmmmm^mtzii-c. ^^±izp^i^^'}&mmmzifmt£ijtmx'mnT'% 

mizmMf^mmt:mtzttzj: y) . mm±i:mw^mm<o^m\z^n-t:h z Lt^ 

HIS (a) ~ (c) .(i. ^^^^fi^^^tlTi^tJ:^^ik§^ift^ll^il^^t(Dm^Z 

me (a) - (c.) It. mmmmi:m^tirztkBi^^mtm^t(Dmiz)^m' 
me (a) Rxf (b) It. m^y xji.(Di\^eDmmm^7ri-tm-nh^o 
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t-^T^iDi^^ ztA:^\5]^ z^:^mzmm.t^w-mf^-u^x^Mtm^p torn 

m^m-^\^ (^2:^fBi) ^x$ft:5-|qj. Z$i!i:^jfi];RtfYib;5-iBjiiM3&^|D] (^^^ 
^:&rR]) ^Y«i:&ffi]fr2.o xm. y^. 2ir/zifi^t)t):?^rS]:&^ti^-ti. 
ex. 0Y. Rzfez:^^t-t^o ciciTu-p r^isj ii^#f*ojiA± 

:^ / - > ^ J^fife^ tlfe U 5^ >7 ;u ^ t; „ 
F.lBJ3fei?:.^. int. ^^'>:^'T-iyMSTlZ^i^^itl-Cl\^^X^M^ 
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(ifi:1248nm) ^©S^^^fe (DUV3fe) a r Fx=^vV U-ifpfe 
9 3 nm) RVF^l^-V^ 5 7 nm) mcDM^m^^ (V U 

©^«iAXiz:Sit«c^®i*is -r&fc-fex Y^®F«9-^2;jC7t^l!)-5jti;Rtr0 z:35-rp] 
izw\^M^'^m-C'Sb^o v';^^;^-7^-vM s iiiu^T^-^j'^cc x':^ -t^- 

vIEK^SM S T D(3ct K^mm^ti^o x';^:i7X5^-viEl!)^SM S T Dli$iJP 
itmm^fB: c o N T i3iU:^ * o SiJSSI^g C O N T U —tf T}^ti-©ti-»mm 

m^ii^MSms 0!lxii:^7^>u:^ ( s u s 4 0 3 ) -cmf&thtz.mmp K-e^t 
}$*tiTU?>o 2|s:*iSJK^(::fcHNT. ^IK^^^PLIi. ikJS^i§ml5tm7Ht^ 

©U-rtL-et.«kL\o *lt]5£Jf$^j£DjSi^:>fe:f:.^.P LCDa*SPffiiJ©$feS^S3 7(3 
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X 5- - V «EK^S P S T D Itmmmm: CONT(z.i:K)$iJ8gi^;K5o ZX^-i.'5 



(±i--+fT)$it5 5(Z)ttsij$s^i'»^L>Tai5;^^-s;igi!,^gP s iD^^mw) 

■r5Ci:TS4fi:;^5^-i>-p S Tl3S:lt^;h.-CUi,at5Pa){ilg^to:&ff -5, 
^^m. P L (D9c^^ 7 iZltj^i^m^ 6 ORzfmmP K(D-m<^mttlTiS 0 . 

')^i^5oit^^m^ (:h'^x^m) 60 mm i^um PKtizmt^t^&o 
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(DUV^) ^LfeJS^. CODS3fe3feEL^^nrtgTfei,o 
^Tfe^g E X (i. iSi^^i^i^. P L CD^^^ 7 iiStS P .hCDP^ro^FBl 5 6 izm^ 

^S^7fe^^^PLt3l«Pi:cDF^CDii>&<^'fe-ajf::, s^ip©^ 

IZlt^ilR J X)l 5 tlTl^ 5 o >ftf*:|sliR^M 2 (illliCJ y X)l 5 :Rir[o]JjXg 

6 LT^PbI 5 6 CO)^i^ 5 0 ^(HJUX-rS o ^Fa^ 5 6 5 0 $:>1|^rp«. $ij 

^m5 6iznbT^itLmMimrciom^m(Dmi^5 otim^i-^tt^tiz. i^i^^ 
nx^s 2%mmL. ^i^/xju sj^ifmnRW e^-f^- L-cmiiLmfsm ^ o m^m<D 
mi^5 o^^ms ej^omiSLT^o zniz^o. ik^^^emmp L(D9cmm7 

^m^^mizit. 9cmm6 0 A(Dm.T(Dmwi^cDmmmiz^x^M(D-^coj^ 

o©S/3.y \^m^^(Dmife^TmiZ. S45P®;i7^«i/t::>^'(Zj;^T;ACDv3y 

10 



wo 2004/053956 



PCT/JP2003/015735 



iBjii^ff (3ll*5®^i!}:&iR]hl5l-:S'fB]i3>?$^* 5 o :&}»ct a iiiS^^tir u i, c 

X)U4 (4 A~4C) »i*5 0 3S:@i|X-ri.lEliRyX;U5 (5 A. 5 B) i:© 
{iSM^^r^-rS-CfeSc |g|2l;:33UT. $fel^gP7 (^fe^td^e 0 0[)$feSiig®6 0 
A) ©J^J|*(iY<i:^|fijl3«B:lU>iJf$t»ti:«ioTfc'9. ^SfJ^^m P L<D$t4roSl5 7 
^XW:STS]l3^*t?,i:"5l3. +X:&fB}i8iJl3 3ooD#t$^y X>IU4 A~4C*<gBM^n. 
-X:S-lS]f|iJ(3 20(D[Hli|X^X;U5 A. 5 B*<i3M^*ii:tNi.o ^LT. 
;i.4 A~4Cliia^^&W3^yhLT)?t#:tt|&^M1 lililX ^ X;U 5 A . 

5 B(^IH]JJKe4^:n^LT>«^*|51i|X^g2lz:^<^^n-Ct^5o S7t. fi±*&yXJU4 
A~4Cii0iRyX;U5 A. 5 B t*$t^gP7(7>4''C»l3*5fLTI«1 8 0 » IsJte 
Lfc{iffil3x X;U8 A — S Oils lelilKy X;i.9 A. 9 B t*«iBS* tlrt^ 

5o ^|!S^X;U4 A'-4ChlHji|KyX>(U9 A. 9 B h(i Y$fi:S-fS](33SSl3gB?'J^ 
tl. #tl&/X;U8 A~8Ci:lD]i|sy x;i.5 A. 5 B h(i Y$4:i5-fp]l;i3:5S(IiB?iJ^ 
tL. «$^yX;U8 A~8Ctt#t$^<g1 0^:fhUT;W#t*S^M1 HI 
i|SyX;U9A. 9 B(i[o]ijXl'1 1 ^:fhUT}^«s:lH]i|X^S2(3^a^*l-CL^5o ^ 
XJUANe©>Sf*©^|§li. iS^^^^P L tStSP t©ia(3fLf*gP^3b<^i;;&:U 

lll3(;:^r<J:-5(::. 5fe^SP7^^^7: Yi4:S-[S)MffiiJ©^tL^-n(3<a^!jiSy 

X;U3K 3 2;Rlf[HlilKy X;U3 3. 3 4^iSlti>3<ht,T:$?,o :iCDia±^/X 

;u;Rif[5]iisy x;n3j:i9. x5^.i/rf$tbr?.pg(Dai5Po^^^2^ip] (y*6:? 

t^T 2 WCD y X;H:>S**: 5 0 CD^^^XIilslilX^ff a J; -5 13 UT J; U o 
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htll>i<*5 Oii^fti-rSgP^-^rfeoTv Tt^m^e 00DTS6 0 a;5^u^^mp 
KT®©-$jJ$:$t?iS^^^^P LCDTS7 A. ;RU^^CDT®7 Ald^^^i,^ 

R 1 mmi:&z>-cmmp i<(OTm(DmKf(DmmRzfmmp Komm^^t^mzm. 
mmmAR2tit. m^izmt^:&mmm^tm^tiTi^^o mi:^6^izit. mrm 
mmmA r i cD^i^ (7jc) 5 oiznT^mm^t^. ^zmmm^A Rzcomi^ 

(^) 5oiznT^mm±j:io^<t^^ji^iz. m-i . mzmmmis&ARi . a 

mzmmmi^A r ziznLTit^mi^^^i^^t^mmimm (i^7kimm) tm 
^*iTt>5o ^mimmiiitmmzM-t^mm^^-^<-t:s>mmT:&K). mmt 

mmmmiti^i^s ocDnmizmcT^ifibti^o :^mmmmizisi^T. mi^s 0 

li@ttO>«^#tN;^-efeSfeto. ^^m^6 O^^trSgl ^Sfit^A R 1 

JKfig-rsziiiT. c:©miM^iiljARii:i^Lr^;*<1±^fTr^rSo 

^1 ^Sfl^A R 1 CD3fe^^^6 0(Z)T®6 0 AZ^l^^l^^p KIZ^Lt:. ^J;i/S 
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:f3^7.^mt±m^Uii<D^M^izmtji^<i^'s-C'mm^m^-t^t^t:. ^fe^s 

TS*1±^#-^-rSo UTEHT^y-fbJ^fg (CF,) 

■^^^ ^^'^^tii-r 5 c F 4 XTtos^jg-r c: 13 J: o rs^ki^^f^-^-r 3 

i:*^Tti>o m2mmmnAR2iznLTmm^mmT^m'^iztsi^T'ts 

t^So a*5PJ3*5r-r§ilt7)c<fc4!aSi: LTtt. ±iS Uyccfc -5 5&:0!)^IS7;U=i -J^«^ 
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z mmmmorzisba^mmit. }^i^5o izm Ln^^i^m'i^cDumzj: o m 
m^h^o ^tz. ^^m^eoizm&^ti^mmit. m^^ELcD%^±{zmmi 

^tl5feG)Tfei,7^cto. Shifts HzM[.i:mi^i±^^T:S>mmT'm!&^itl. ^ 

mconmiz^is-cistBMT^o 

psseiznT^hj^wm^mf^^^tt^f^o mi^m^mm:Mt^fs\5 eizn^T^ 
^■r^s:5-[«] (-x:^fBi) izm^p^^$m^itT^^mift^^n'?m^izit. 

S3. #t6ayX;i.4 A~4C. [Hli|X^4. ;5il>-lH]iJxy X;U 5 A. 5B$:ffiUT. 

St5P*<-x:^(pji3^ijj-rsi^i3ii. i^$§<g3:Rif#tieyx;u4 (4 

A - 4 C ) LT>?$^m$&^ig 1 *^ 5 0 t^&^j/t^^ P L Pi:© 

fmiizii^^^ti^t.t.'biz^ Isiilx>'x;b5 (sa. 5B) . RU^iiRWe^iYi^T 

S*SP^f^i*^-&T:^g^3t$:ffa^^.i3(i. 0. i»^§yx;u8A~8 

:?fpji3^Sjl-i.^ic:(±. o;Rt;^e^$gyx;i.8 (sa-bc) ^-f^-Lxi^ 

wm^mm. 1 5 0 t^^B^^JhP l iis^s p t ©Pe^iz^t^t^tii, ^ t 

/Is [s]i|XyX>lU9 (9A. 9B) . SU^isliRl=1 1 :&:n'Lr>«#5 0*<>a^*:|ili|x 
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e2^^UT«*5P®^iil^(Si(i>ftoT^i*5 0^i55t^, dODlf^. ^iJ^[S>^f* 
1 *^ 6 y 4 ^ L ^ tl 5> m 5 0 (i^tS P CD - X :&fa] ^ 

- X t:t> €, cD:&fBji3Sts p s^^^ic* . u 6 o cd$iss® 7 h 
z(Dt^. ^^^mmPL^m^Plzmmtl!lmtm^itll:l^t^^,M^lzz>l^T 

1215 (a) It&mx^-i^P STt^if±\^Tl^^^m^fr^-tmT:&^o mi^5 

5 0 t^^p Htm.mi±m&i^tztb. mMmeiti^^i^o ms (b) lis^sp*? 

5 0 (i^Kr ^^^5 P 1311 o5i e>;ti5 J; a 13 1 T^J^fS „ >«f* 5 0 iiS^g P t 

J«f*5 0{iS*5P(D«®ANP,^tL^^Uo 1215 (c) (iS 
*5X5=-S.-pST±©a*5Pof$iiii^*<^(3j-^L.^c^FJ^^j^t-|llTfei,„ g 

ii>^^5 0iicDPBll3tiiJ||^J|ltH2A<m/=i)c^ti:5c 3©i«J||$Ii*H K H 2 

^^EL o:>j/e^±izmE&^ti^ ^7.^M(DJt^- >i3<m^ p iziEmiz^:^^ 

El 6 . El 4 ffl I ^T|j^0^ L 7t J; o P (D^fei^gp 7 S P mW 
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^m-CrfeSo >?t<*5 0ilSt5Pi:CDm^D14li;^t^CD-^:. P A^^S, LT 

5 0ttS*5PJz:ii^JlC?|o5R6»ti«:Uo $fc. ^SIK^^m P LCDig 1 aS^JSA 

R 1 ©iS^S 0(3?*r5m«Jl±t,igU©7?. ^1 ^B^^AR 1 iijt#5 Ohli 

>P S T±(D»*5PcDf$ft^SA<Ml3±^Lfc=|^Ii:&^-^|21-C&5, StSPCD^ 

iiK±^BMLr:i^^iz. mmmizm^<m^mmiztsi^T. mi^soiimm-t^ 
^^T'&^^^^^mPL(D9ct^^7^mRPCDmmiz. mi^5ot(Dmm±iz 

a«R p mma> ir-fe an -:^izifizmt-j: a 13 1 r t J; u o 

±iB^J£JT^Hsi3fei\-r. 3fe^^^6 o®^®6 OAJkumm («}5^a3 
PKcDT®-gp^^1^®^^AR1i:L. 1 I^M^^A R 1 llJ* L 

T^f* 5 0 /C^-r ^^^14 < S J: -5 (3l^®ftiSA<«E* ti5 -5 izfJiB^ U fee 

rt^t>t>. mmmmimiimmmmmmt<Dm^t^mt^p ktmiz^^j:^ 
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5o ^w-tHit. ^miiiM-t^m±<Dwn(Dmmz-D[,\T(omi^(Dmmmt^^ti 
tmmit.mm.iit:imm.^mL-cmmT^j:^izLi:t,j:i^o 

p^®A^e>©>?s^*cDis]iix^i^^$:m4i-ri.^^i3(i. a^^sPM^ism 

^^ift^?kP L(D9cmS[i7 ^J:Vm^P(Dmmizm-tJ:olzLTl^^tK 
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